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WMO? (Waste Motor Oil!)
• What is in WMO?

• Petroleum mainly…
• Crankcase oil, transmission fluid,
power steering fluid, brake fluid, axle
grease, gear oil, compressor oil

• However…
• Metal, dirt, leaves, additives,
coolant, brake clean, solvent, dead
animals, fuel, chew spit, water,
benzene, etc…

• WMO Generators

• Repair shops, dealerships, public and
private fleets, personal residences,
schools, trucking companies, farms

• Total amount of WMO generated
• 1.3B gallons annually in U.S.
• Only 60% of oil sold is collected

• What happens to WMO
•
•
•
•
•
•

Dumped
Burned in open fires (brush piles)
Collected with a fee (or payment)
Dropped off at a collection area
Industrial burners (energy gen.)
Re-refined into new products
• Lube, fuel, asphalt, etc…

Cost/Value of WMO
• “The recent softness in crude oil
markets, along with the associated
declines in fuel pricing, have
decreased the value of our recycled
fuel oil (RFO) and other products.
This environment, coupled with
chronic oversupply in the overall
market, have led us to increase our
used motor oil disposal pricing
rates in order to mitigate the
market-driven pressure on margins
and avoid further deterioration in
our existing spread.”
David Vergo, Safety-Kleen President,
July 12, 2017

How did this project start?

Project Beginnings
• One lonely PowerPoint
slide from 2007
• Limited information
• Rumors
• Forums
• Lots of oil

First Attempt
1985 Mercedes 300TD

Home Design WMO Processor

Results
• Processor did work/filter
• WMO was not thinned

• WMO was not mixed well
• Car did not fail to operate
• Car was slow

• Used between 50-75 gal. WMO

• Every 4.5 gallon tote of WMO
poured into my tank saved me
about $20
• Diesel price exceeded $4 summer
of 2008
• Proof of concept successful
• Performance of the fuel was not
acceptable to me
• Use of WMO in fuel was
discontinued
• I moved into using WVO to make
biodiesel

WMO Diesel Version 2.0

SIUC Green Fund Grant Application
• Increase SIUC sustainability by reducing cost
• SIUC generates waste motor oil

• Incurring a disposal cost($0.75 per gallon)

• SIUC uses diesel fuel

• Cost of fuel ($2.25 per gallon)

• Convert WMO into useable diesel fuel

• Reducing both WMO disposal and fuel costs

• $4900 funded through SIUC Green Fund/Department of Sustainability
• Department funded $2000

Current Project Progress
• Collected and filtered over 1200 gallons WMO
• Saved over $900 WMO disposal cost@$0.70 gal

• Utilized over 500 gallons as fuel
• Proved proof of concept

• Currently fueling 3 OTR vehicles
• WMO diesel has been successfully tested in 7 different vehicles

• Provided 55 gallons to SIUC farms
• Looking to expand fuel usage

• Planning to fuel 2 SIUC fleet owned Ford F700 medium duty trucks
• Determining refueling logistics

Publications/Presentations
• 11/4/2017 Presentation at SIUC CASA Research Symposium
• 4/2018 Utah Biodiesel Blog Article
• 5/2018 SIUC University Communications Article on SIUC Homepage
• 3/7/2019 Spring ICAIA Conference Presentation

Future Plans
• Expand usage at SIUC
• Add refueling tanks at SIUC Travel Services and SIUC farms
• Incorporate WMO fuel in lab/test vehicles
• Add vehicles from Travel Services fleet

• Increase WMO collection at SIUC
• 1000 gal of WMO at SIUC farms
• Larger supply at Travel Services

• Increase funding
• Seek donation of HPCR DI Aftertreatment equipped vehicle
• Additional Green Funds/Outside grants

• Emissions and Road testing
• More Publications/Presentations

How does this work??
How can WMO be a diesel fuel?

What is Diesel Fuel?
• A fuel suitable to operate a
compression ignition engine
• Must flow through fuel system (Viscosity)

• Must auto-ignite at temperatures below
combustion chamber temperatures
(500°C-700°C)
• Must provide lubricity

• Should have adequate BTU content
(MPG)

• Includes various types of Petrodiesel
and Biodiesel
• Petrodiesel
•
•
•
•
•

“Pump” diesel
Blends of petroleum
Kerosene
Jet A, Jet A-1
JP-8

• Biodiesel

• Alkyl Esters
• Renewable Diesel
• Vegetable Oil

American Society for Testing & Materials
(ASTM Intl.) Spec. D975
#2D Petro-Diesel Fuel
• Flash Point
• 126°F minimum
• Safe handling property

• Water & Sediment
• 0.05% by volume

• Distillation Temperatures
• 540°F-640°F

• Viscosity @ 104°F (40°C)
• 1.9 cSt- 4.1 cSt

• Ash Content
• 0.01% maximum

• Sulfur Content
• 0.05% maximum

• Cetane #
• 40 minimum

Flash Point
• “The flash point of a volatile
material is the lowest temperature
at which vapours of the material
will ignite, when given an ignition
source.”
• Safe to handle and transport
depends on flash point.

• Blending WMO with lighter
petroleum fractions lowers flash
point.

• #2 Petrodiesel=126°F maximum
• #1 Petrodiesel/Kerosene=100°F

• Gasoline=-45°F
• Motor Oil=420°F-485°F

Water & Sediment
• WMO needs to be clean as
possible
• WMO is cleaned in a Raw Power
centrifuge obtained from Utah
Biodiesel Supply
• Appx. $2000 cost
• 10 micron centrifuge pre-filter
• Removes (most) all
contamination heavier than
WMO

Raw Power Centrifuge
• “forced settling” of the denser
particles with centrifugal force
• 6000 RPM rotor speed
• 3600 G’s

• Variable flow rate
• 25 GPM max

• Gravity fed
• Filters below 1 micron
• Pre-heater
• 150°F oil temp

Water & Sediment
Centrifuged Contamination
Blackstone Labs Report

Viscosity
•
•
•
•
•

•

Viscosity
technical : the property of
resistance to flow in any material
with fluid properties
Affects fuel filter plugging, injector
spray pattern
Fluids have a viscosity property
Units of measure include poise
and stokes (centi)
Viscosity increases as temperature
decreases
Blending fluids changes viscosity

Diesel Fuel @ 100°F

• #1 Petrodiesel
• 2.5 cSt

• #2 Petrodiesel
• 2 cSt- 4 cSt

• #4 Petrodiesel
• 29.8 cSt max

Viscosity of WMO cSt @ 40°C (104°F)
• Crankcase Oils
•
•
•
•

SAE 5= 18-20
SAE10= 22-32
SAE20= 35-70
SAE30=75-100

• Gear Oils
• SAE 75=25-50
• SAE 80-55-82
• SAE 90=125-200

• Transmission fluids
• ATF= 33-37
• Manual= 33-132

• Hydraulic Fluids
• 22-220

• Brake fluid
• (1800@-40°F, 1.5@212°F)

Viscosity Testing

Cetane
• Cetane Index indicates
“willingness to autoignite”
• Diesel fuel should be >40
• WMO not a fuel, does not have a
Cetane rating
• Cetane additive provides
additional “willingness to
autoignite”
• Need a Cetane Index # for WMO
• Cetane testing is $$$

WMO to Diesel Fuel Process Overview
• Collecting/Settling
• Generating WMO
• Collection
• Settling

• Processing
• Filtering
• Centrifuging
• Blending/Testing

• Utilization
• Refueling
• Testing

WMO to Diesel Fuel Process
• Collecting/Settling WMO
•
•
•
•
•
•
•
•

WMO is generated and collected in roll-around drain vessels
Transferred by air pressure to 55 gallon drums in each lab containment area
WMO settles heaviest components to bottom of drum
WMO pumped into portable 275 gallon tote once full
WMO is pumped in a top-down manner leaving 10%-20% in drums
Transferred into stationary 275 gallon tote in processing area
WMO again settled in stationary totes
WMO is pumped in a top-down manner into pre-centrifuge staging tote

WMO to Diesel Fuel Process
• Processing
•
•
•
•
•
•
•
•
•
•

WMO gravity fed through 10 micron pre-centrifuge fuel type filter
WMO is electrically heated post-filter
WMO is centrifuged at rate of 10-20 gallons per hour
Clean WMO is collected/stored in pre-blending tote
Gasoline/diesel blender loaded into blender tank
WMO and blender are mixed/pumped into mixing tank
WMO diesel is mixed
Viscosity testing is performed
Blender/WMO added until viscosity test passes
Additional mixing as necessary

WMO to Diesel Fuel Process
• Utilization
•
•
•
•
•
•
•

Identification of acceptable vehicle applications
Bring vehicle to processor/refueling area
Circulate WMO diesel fuel in mixing tank
Pump WMO diesel through 1 micron final filter
WMO diesel is pumped into vehicle’s fuel tank
Pump diesel added to vehicle’s fuel tank as necessary
Vehicle performance is monitored

Best Practices
• Gather oil without excessive contaminants
• Stopped gathering oil from Aviation Department (leaded fuel)

• Settle oil in containers then draw oil from the top
• Allow heaviest WMO components to be kept out of processor

• Centrifuge oil at rate as slow as possible
• Rate as slow as 10 gallon per hour

• Identify safe, proven vehicles to utilize fuel
• Injection pump engines, HEUI
• Clean fuel lines, filters

• Blend WMO diesel fuel with 50% pump diesel
• Adds cetane, fluidity, less smoke

Potential Issues/Questions
• Problems with usage
• Synthetic Oil
• Gelling
• Plugging
• Emissions
• MPG-approx. 140000 BTU per gallon
• Incompatible vehicles
• Year Round usage
• Other questions?

American Petroleum Institute
Groups of Lubricating Oil
• “Conventional Oil”
• Group I
•
•
•
•

Refined from crude
Greater than 0.03% sulfur
Lower quality requirements
Mostly phased out

•
•
•
•

Refined from crude
Less than 0.03% sulfur
Hydrocracked
Majority of conventional oil

• Group II

• “Synthetic Oil”
• Group III
•
•
•
•

Refined from crude
Less than 0.03% sulfur
Severely hydrotreated/refined
Majority of “synthetic” oil

•
•
•
•

Polyalphaolefins
Synthesized from ethylene gas
Very consistent properties
No sulfur

• Group IV

• Group V

• “Catch all” group
• Silicones, polyalkalene glycol (PAG),
esters, etc…
• Limited use

Links/References
•
•
•
•
•
•
•
•
•
•

Viscosity Chart
Great Forum for WMO as fuel
Safety Kleen Re-Refining/Oil Collection
Chevron Diesel Fuels Technical Review (Very detailed)
Diesel Fuel ASTM D975
Flash Point
Viscosity
Utah Biodiesel Supply
Blackstone Laboratories
Base Oil Groups

